Improving cognitive skills of young children has been suggested as a possible strategy for equalising opportunities across racial groups. Using data on 4-5 year olds in the Longitudinal Survey of Australian Children, we focus on two cognitive tests: the Peabody Picture Vocabulary Test (PPVT) and the 'Who Am I?' test (WAI). We estimate the test score gap between Indigenous and non-Indigenous children to be about 0.3 to 0.4 standard deviations, suggesting that the typical Indigenous 5 year-old has a similar test score to the typical non-Indigenous 4 year-old. Between one-third and two-thirds of the Indigenous/non-Indigenous test score gap appears to be due to socio-economic differences, such as income and parental education. We review the literature on test score differences in Australia, and find that our estimated gaps are lower than most of those found in the literature. This implies that the test score gap between Indigenous and non-Indigenous children may widen over the lifecycle, a finding that has implications for policies aimed at improving educational opportunities for Indigenous children.
Introduction
In the domains of income, educational attainment, health and life expectancy, very large gaps separate racial groups in many countries. This is particularly true for Indigenous and non-Indigenous Australians, whose outcomes differ markedly on almost all social indicators. One factor that might underlie (or at least be correlated with) these differences in social attainment are differences in cognitive abilities. Since better performance on these tests is correlated with better outcomes later in life, it is possible that understanding the black/white test score gap in Australia will help reduce other social gaps. Our aim is to contribute to this literature in two respects. First, we look at cognitive skills at very young ages, building upon work that has been done on investigating the black-white test score gap in the United States. And second, we ask to what extent these racial gaps can be explained by socio-economic differences. For example, do
Indigenous Australians have lower scores merely because they are poorer?
To preview our results, we find that the gap in test scores between Indigenous and non-Indigenous children is about 0.3 to 0.4 standard deviations. The gap is slightly larger when using the 'Who Am I?' test (a test of school readiness) than when measured using the Peabody Picture Vocabulary Test (a test of language skills). The racial test score gaps are also slightly larger among girls than among boys. While these gaps are substantial, they fall towards the lower end of racial gaps that have been observed in other Australian studies. Controlling for socio-economic factors such as income and parental education reduces the Indigenous/non-Indigenous gap by between one-third and two-thirds.
The remainder of this paper is structured as follows. Section 2 reviews the literature on test score differences. Section 3 discusses the data. Section 4 presents findings on 1 Since year 12 completion rates have been rising over time, and the Indigenous population is younger on average than the non-Indigenous population, this comparison understates the true gap in educational attainment between the two groups.
the size of the controlled and uncontrolled gaps, and the final section concludes.
Previous Research
In this literature review, we survey the available evidence how test score performance differs across racial and income groups. We first discuss the existing Australian studies, before turning to survey the more extensive UK and US literature, and then briefly discussing the issue of racial bias in testing.
Australian Studies
Several studies have analysed the test score gaps between Indigenous and non-Indigenous Australians. At the outset, therefore, it is useful to compile the results of these studies. Note that our focus here is on studies that look at test score gaps, measured by the difference in mean scores. Broader reviews of Indigenous education outcomes in Australia may be found in DEST (2002 DEST ( , 2003 DEST ( , 2005 and Mellor and Corrigan (2004) .
We identified studies that showed the mean test score for Indigenous and non-Indigenous students, and the standard deviation for all students. Standardizing effect sizes in terms of standard deviations is a common approach in this literature, as it allows studies using differently scaled tests to be compared with one another. To make this more concrete, it is useful to see how standard deviations translate into commonly used percentile measures. For example, assuming a normal distribution of test scores, a group that is 0.5 standard deviations below the mean would be at the 31st percentile, a group that is 1 standard deviation below the mean would be at the 16th percentile, and a group that is 1.5 standard deviations below the mean would be at the 7th percentile.
Alternatively, some readers may prefer to interpret our results on an IQ scale, where a difference of one standard deviation is equivalent to 15 IQ points. Since the mean for IQ tests is typically set at 100, a group that is one standard deviation below the mean would have an average IQ of 85.
The studies that we review in Table 1 The results in Table 1 suggest that the test score gap between Indigenous and non-Indigenous children in Australia is between 0.3 and 1.2 standard deviations, with many estimates close to one standard deviation.
Apart from those listed above, one of the most thorough analyses of Indigenous educational outcomes in Australia is Zubrick et al. (2006 including maternal education and family income. In subsequent work using a multiple regression framework, Najman et. al (2004) found that family income had stronger predictive power than other socioeconomic indicators, including maternal education.
Similar results have been found for tests administered to 10-year old and 14-year old children (Rothman 2003) .
International Studies
In the United States, a significant literature focuses on understanding the 'black-white test score gap'. Typically, studies find that the gap between blacks and whites, or between Hispanics and whites, is in the range of 0.5 to 1.0 standard deviations (Fryer and Levitt 2004 , Jeanne Brooks-Gunn 2003 , Jencks and Phillips 1998 . In a meta-analysis of eight national surveys, conducted between 1965 and 1996, find that the weighted black-white test score gap is 0.9 standard deviations for mathematics and reading, and 1.0 standard deviations for vocabulary.
In the United Kingdom, similar gaps have been observed (Gillborn and Mirza 2000 , Gillborn 1997 , Runneymede 1998 , McNally and Blanden 2006 . For example, Demank (2000) reported that difference in GCSE attainment between blacks and whites was in the order of 0.5 of standard deviations in 1988, and 0.7 standard deviations in 1995.
Over the lifecycle, there is evidence that the US black-white test score gap grows larger. Fryer and Levitt (2004) show that from kindergarten to third grade, the black-white gap in mathematics grows from 0.6 to 0.9 standard deviations, and the black-white gap in reading grows from 0.4 to 0.8 standard deviations. On average, the black-white test score gap grows by 0.1 standard deviations per school year. Using administrative data from Texas, Hanushek and Rivkin (2006) find that the black-white test score gap increases from grades 3 to 8, though at a slower pace than that observed from kindergarten to third grade.
Other studies also find an increase in the black-white test score gap over the lifecycle (Phillips, Crouse and Ralph 1998; Carneiro and Heckman 2003) . One possible factor may be a general divergence between high-performing and low-performing students (Beck, McKeown, and Kucan 2002.) As Hirsch (2003) has noted: 'A high-performing first-grader knows about twice as many words as a low-performing one and, as these students go through the grades, the differential gets magnified. By 12th grade, the high performer knows about four times as many words as the low performer.'
In contrast to the Australian evidence, which suggests that the Indigenous/non-Indigenous test score gap has remained relatively unchanged since the 1960s, US evidence suggests that the black-white test score gap in that country has narrowed over recent decades (Campbell, Hombo, and Mazzeo 2000; Carneiro and Heckman 2003; Neal 2004) . Comparing cohorts born between 1948 and 1978, Phillips, Crouse and Ralph (1998) found that black-white gaps narrowed by 0.014 standard deviations per year for mathematics, 0.020 standard deviations for reading, and 0.010 standard deviations for vocabulary. For cohorts born after 1978, they find little evidence that the black-white test score gap has narrowed. Similarly, Lee (2002) reported that the back-white reading and mathematics gaps decreased by 0.2 to 0.5 standard deviations respectively for tests administered between 1971 and 1999.
While estimating the raw black-white test score gap has the virtue of simplicity, it would be a mistake to assume that this gap reflects the causal impact of race on test scores. For example, black children are likely to grow up with parents who are poorer and family income is negatively correlated with IQ (Duncan 1994; Duncan, Yeung, Brook-Gunn and Smith 1998) . How much of the raw gap is due to controlling for these other factors? Most studies find that holding constant socioeconomic status reduces the gap by between one-third and one-half (Smith 1997; Mayer 1998; Duncan and Marginson 2005) , with much of the reduction being due to the inclusion of parental income. However, as Duncan and Marginson (2005) point out, the inability to adjust for a full set of genetic factors means that these are probably an upper bound estimate on the effect of socioeconomic status.
Racial Bias in Testing
Jencks (1998) Australian-designed test that assesses a child's ability to perform ten tasks, covering copying, writing and drawing (ACER 1999) . More information on the contents of the two tests is provided in Appendix 1. Table 2 also shows summary statistics separately for Indigenous and non-Indigenous respondents. There are clear differences in the socio-economic characteristics of the two groups: Indigenous children tend to come from poorer families, they tend to have younger and less well-educated parents, and a higher share of Indigenous children are in remote areas. Appendix 2 provides further summary statistics; separating the sample into remote and non-remote respondents. 
Estimating Test Score Gaps
A straightforward way to see the raw test score gaps between Indigenous and non-Indigenous respondents is from the summary statistics for the PPVT and WAI tests in We caution that the test score gaps between Indigenous and non-Indigenous children should not be regarded as causal, since they may reflect other characteristics (such as income or parental education) that are correlated with both Indigenous status and test
scores.
In what follows, we estimate a series of models, each of which follows a common pattern. In the first column, we estimate the relationship between test scores and Indigenous status, controlling only for the age and sex of the child. Since age and sex are (by assumption) uncorrelated with Indigenous status, we regard this first column as the 'raw' test score gap. In the second column, we include a control for family income. In the third column, we include a set of socioeconomic controls that may correlated with both Indigenous status and test scores: language spoken at home, having both parents present, parental education, mother's age, presence of siblings, and whether siblings are older or younger. In the fourth column, we add a control for child's birth weight (our rationale for adding this separately is that it may be either a confounding covariate or a channel through which Indigenous status affects student achievement). Lastly, in the fifth column, we exclude remote area respondents from the sample, due to the potential unreliability of the remote area Indigenous sub-population (see above).
Our regressions take the following form. Where y i is the child's test score, the model is:
Where ' i x is a vector of explanatory variables, α and β are parameters, and ε i is the error term in the linear model. The coefficients in (1) give the marginal effect of the corresponding variables on the test score y i , other things equal. Tables 3 and 4 show the results using the two test scores. Overall, our models explain up to 18 percent of the variation in the PPVT, and up to 21 percent of the variation in the WAI test. In each case, controlling for the child's age and sex (column 1) makes no substantive difference to the raw gap shown in Table 3 , which is 0.3 standard deviations for PPVT and 0.4 standard deviations for the WAI test.
One way of expressing the gap is in terms of percentiles. Assuming that test scores are normally distributed, these results imply that the typical Indigenous student is between the 34th and 38th percentile of the distribution. Alternatively, we can compare the Indigenous coefficient with the age coefficient, which is similar in size, and opposite-signed. This suggests that a typical Indigenous 5-year old has a similar level of performance on the tests to a typical non-Indigenous 4-year old.
How much of the observed gap is due to other characteristics that are correlated with both Indigenous status and test score outcomes? In the second column, we control for the log of family income, which decreases the Indigenous/non-Indigenous gap by 0.05 to 0.1 standard deviations. 9 In the third column, we add additional socio-economic controls. This has a greater impact on the gap for PPVT (which measures language skills) than WAI (which measures school readiness). With a basic set of socioeconomic controls, the Indigenous/non-Indigenous test score gap for PPVT becomes statistically insignificant, while the gap for WAI remains reasonably large and statistically significant. Focusing only on the point estimates, it appears that income and other socioeconomic controls explain about two-thirds of the language test score gap between Indigenous and non-Indigenous children, and about one-third of the school readiness test score gap.
In the fourth column, we add a control for birth weight. Although children who were born as heavier babies have higher test scores, we find that controlling for birth weight makes little difference to the Indigenous coefficient, compared to the specification in column 3.
Lastly, we exclude remote area respondents from our sample, so that the comparison is between Indigenous and non-Indigenous children in non-remote areas. This has little impact on the point estimate of the Indigenous/non-Indigenous test score gap (comparing columns 4 and 5, the PPVT gap grows wider, and the WAI gap shrinks), but does affect the precision of our estimates. When remote respondents are excluded, there is no statistically significant test score gap. However, this may reflect the weak statistical power of our test, rather than the absence of any underlying differences.
The results on other variables are also interesting in their own right. On both tests, girls score higher than boys: by about 0.1 standard deviations in PPVT, and by about 0.5 standard deviations in the WAI test. As mentioned above, 5-year olds outperform 4-year olds on both tests. Children from richer families and children who were born as heavier babies also do better.
To conserve space, we do not report the coefficients on the other controls (full results are available from the authors on request), but one that is worth noting is the coefficient denoting children from an English-speaking home. Children from an English-speaking home score 7 points higher on the PPVT than children from a non-English speaking home. But children from an English-speaking home score 2 points lower on the WAI than children from a non-English speaking home. This suggests that while children from a non-English speaking background have a substantially smaller vocabulary of English words, they are slightly better able to copy and draw.
In terms of vocabulary, where both Indigenous children and children from a non-English speaking background underperform, we can compare the magnitude of the two gaps. Our results suggest that the English-speaking/non-English speaking gap on the PPVT is three to eight times larger than the Indigenous/Non-Indigenous gap. Note: Standard errors in brackets. *, ** and *** denote statistical significance at the 10%, 5% and 1% levels, respectively. SES controls are indicator variables for speaking English at home, having both parents present, presence of a sibling in the home, whether that sibling is younger, and being in a remote area, plus a quadratic in mother's age, four indicator variables for mother's education, and four indicator variables for father's education. Indigenous Gap is the Indigenous coefficient divided by the standard deviation for the combined group (7.87). 
Note: Standard errors in brackets. *, ** and *** denote statistical significance at the 10%, 5% and 1% levels, respectively. SES controls are indicator variables for speaking English at home, having both parents present, presence of a sibling in the home, whether that sibling is younger, and being in a remote area, plus a quadratic in mother's age, four indicator variables for mother's education, and four indicator variables for father's education. Indigenous Gap is the Indigenous coefficient divided by the standard deviation for the combined group (7.97).
In Tables 5-8 , we separately analyse the Indigenous/non-Indigenous test score gap for boys and girls. For both the PPVT and WAI tests, we observe that the Indigenous/non-Indigenous test score gap is larger for girls than for boys. On the PPVT, the Indigenous gap (with only the age control) is 0.5 standard deviations for girls, and 0.2 standard deviations for boys. On the WAI, the Indigenous gap (with only the age control) is 0.5 standard deviations for girls, and 0.4 standard deviations for boys. In general, the gaps are statistically significant, with the exception of the PPVT gap for boys, which is not significant in any specification.
Overall, these results suggest that Indigenous girls have poorer language skills than non-Indigenous girls, and are less well prepared for school. By contrast, Indigenous boys are less well prepared for school than non-Indigenous boys, but do not underperform on vocabulary. Note: Standard errors in brackets. *, ** and *** denote statistical significance at the 10%, 5% and 1% levels, respectively. SES controls are indicator variables for speaking English at home, having both parents present, presence of a sibling in the home, whether that sibling is younger, and being in a remote area, plus a quadratic in mother's age, four indicator variables for mother's education, and four indicator variables for father's education. Indigenous Gap is the Indigenous coefficient divided by the standard deviation for the combined group (7.91). 
Note: Standard errors in brackets. *, ** and *** denote statistical significance at the 10%, 5% and 1% levels, respectively. SES controls are indicator variables for speaking English at home, having both parents present, presence of a sibling in the home, whether that sibling is younger, and being in a remote area, plus a quadratic in mother's age, four indicator variables for mother's education, and four indicator variables for father's education. Indigenous Gap is the Indigenous coefficient divided by the standard deviation for the combined group (7.82). Note: Standard errors in brackets. *, ** and *** denote statistical significance at the 10%, 5% and 1% levels, respectively. SES controls are indicator variables for speaking English at home, having both parents present, presence of a sibling in the home, whether that sibling is younger, and being in a remote area, plus a quadratic in mother's age, four indicator variables for mother's education, and four indicator variables for father's education. Indigenous Gap is the Indigenous coefficient divided by the standard deviation for the combined group (7.70). Note: Standard errors in brackets. *, ** and *** denote statistical significance at the 10%, 5% and 1% levels, respectively. SES controls are indicator variables for speaking English at home, having both parents present, presence of a sibling in the home, whether that sibling is younger, and being in a remote area, plus a quadratic in mother's age, four indicator variables for mother's education, and four indicator variables for father's education. Indigenous Gap is the Indigenous coefficient divided by the standard deviation for the combined group (7.57).
Finally, we estimated similar models using as the dependent variable the outcome indices derived by Sanson et al. (2005) . These indices are created by converting variables into z-scores, averaging each student's z-scores, and re-scaling the index to a mean of 100 and a standard deviation of 10. Where a variable is missing for a child, the index is based on the mean of the non-missing variables. 10 An advantage of using these indices is that they provide one way of addressing the possibility that low-performing Indigenous children are overrepresented among those who do not take the PPVT and WAI tests. The results from specifications using outcome indices as the dependent variable (instead of test scores) are qualitatively similar to those from the PPVT and WAI tests, and are shown in Appendix 3. Notably, the racial gap observed using the Social Index and the Learning Index are quite similar, suggesting that cognitive and non-cognitive outcome gaps are quite similar in the early years.
However, it is possible that this pattern may not hold in later years, and it is also conceivable that policy interventions may have differential effects on cognitive and non-cognitive skills (see eg. Heckman, Stixrud and Urzua 2006).
10 One potential problem with this approach is that it increases measurement error for students with more missing values. Sanson et al. (2005) deal with this as follows: 'In cases where one or more z-scores in a sub-domain were missing, a sub-domain score was still obtained by taking the average of all the available z-scores. However, when averaging, the standard deviation of the mean score increases as the number of scores averaged decreases. Hence children with more missing data for a sub-domain would tend to have scores further from the average value, without this being a reflection of their actual outcomes. To correct for this, a variable was calculated for each sub-domain with more than one variable, indicating the number of variables missing for each case. … These variables were used as grouping variables to divide the file by level of missingness for each sub-domain. A standard deviation score was then obtained for each level of missingness, which was used to divide the sub-domain score. This method of standardisation corrects for the greater standard deviation obtained when averaging fewer z-scores, without disguising any mean differences present in the data.'
Conclusion
Cognitive test scores are important not only in their own right, but also because as they affect educational and labour market outcomes in later life. At the mean, a 1 standard deviation increase in test scores raises the probability that a person will complete year 12 by 25-30 percent (Ryan 2006) . Holding constant educational attainment and a variety of socioeconomic factors, a 1 standard deviation increase in test scores lowers the probability that a person will be unemployed by about 1½
percentage points (Marks and Fleming 1998a) . Conditional on being employed, and holding constant educational attainment, a 1 standard deviation increase in test scores raises hourly wages by 2-7 percent (Marks and Fleming 1998b) .
Studies of the test score gap between Indigenous and non-Indigenous children in Australia have generally found the gap to be around one standard deviation. In this paper, we use tests of cognitive skills that are administered to four and five year old Australian children. We find that the Indigenous/non-Indigenous test score gap in the early years is smaller -only around 0.3 to 0.4 standard deviations. This implies that the typical Indigenous child has a test score that lies between the 34th and 38th
percentile of the distribution. The Indigenous/non-Indigenous test score gaps tend to be larger among girls than boys.
The fact that our estimates are at the lower range of what has been found in other studies (outlined in Not all of the test score gap between Indigenous and non-Indigenous children should be regarded as being causal. On the PPVT (a test of language skills), about two-thirds of the racial test score gap appears to be due to differences in socio-economic factors.
On the WAI test (a test of school readiness), about one-third of the racial gap is due to differences in socio-economic factors. From a social policy perspective, this implies that policies to improve incomes and parental education may partly close the Indigenous/non-Indigenous test score gap, but are unlikely to bring Indigenous children's test scores up to parity with non-Indigenous children. 
Appendix 2: Summary Statistics by Remote Status

Appendix 3: Using Outcome Indices in Place of Test Scores
In Tables A3 to A5 , we replicate our analysis using the overall, learning, and social outcome indices as the dependent variable. For details of the derivation of the indices, see Sanson et al. (2005) . The standard deviation on all three indices is approximately 10, so the Indigenous/non-Indigenous gap can be calculated simply by dividing the Indigenous coefficient by 10. Note: Standard errors in brackets. *, ** and *** denote statistical significance at the 10%, 5% and 1% levels, respectively. SES controls are indicator variables for speaking English at home, having both parents present, presence of a sibling in the home, whether that sibling is younger, and being in a remote area, plus a quadratic in mother's age, four indicator variables for mother's education, and four indicator variables for father's education.
